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Points of View 


IN THE I§ YEARS since the end of World War II, there has been a 
substantial increase in the number of telephones in use throughout the 
world. Facilities in most territories have participated in this increase, 
which has been supported by corresponding improvements in inter- 
national and inter-continental links. Nevertheless the major develop- 
ment has been in North America and, to a somewhat lesser extent, in 
Europe. Facilities in many of the other parts of the world are still, by 
comparison, somewhat restricted, but the increase in tempo of world 
communication requirements may well produce, in the next decade, a 
rapid expansion. If experience on the transatlantic cable is any guide, 
the Commonwealth Co-Axial Telephone Cable, which should be com- 
pleted within this period, will stimulate a very great increase in tele- 
phone traffic, in turn promoting the expansion of national trunk tele- 
phone networks. 

It follows, therefore, that much of the development in trunk tele- 
phone networks has taken place in areas where skilled planning, opera- 
tional and maintenance facilities are most highly developed. The 
problems involved are well understood in these territories but else- 
where, where facilities may be more limited and the problems of staff- 
ing more severe, planning and operation present greater problems, in 
part due to a lack of statistics on which increased system capacity can 
be provided with confidence. 

It was therefore felt that while a review of the factors involved in 
planning and executing a major trunk communication expansion would 
be of wide interest, it would be more valuable when considered in con- 
junction with the problems that still remain once an expanded system 
has been installed, namely maintaining the system in efficient order and 
providing, if not already available, adequate numbers of trained staff 
from local resources. Information on these aspects of network operation 
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POINTS OF VIEW 3 


is much harder to come by and it was therefore felt that any discussion 
on the problems could, with advantage, be coupled with actual ex- 
perience in particular cases. 

For this reason an issue of Point to Point Telecommunications has 
been prepared reviewing the problems involved in providing improved 
facilities, in maintaining performance once installed, and in providing 
local staff for carrying out this work, illustrated by the experience of 
what is now the Federation of Nigeria over the period 1949-1960. We 
are happy to acknowledge the co-operation received from the Posts and 
Telegraphs Department in the preparation of these articles, and the 
permission for us to publish actual results from the operation of their 
trunk network. 

As a result, much of this discussion has revolved around the estab- 
lishment of trunk facilities of relatively limited channel capacity, utiliz- 
ing in the main radio equipment which operates in the VHF frequency 
bands. It will be readily understood that the basic considerations are, 
however, far wider, and can be applied to the planning of large systems 
involving microwave equipment handling hundreds of telephone 
channels or television. A.J.W. 





National Telecommunication 
Network P lanning E. G. HANCOCK 


This article reviews the problems which must be considered 
when a major expansion of telecommunications facilities in a 
territory has to be undertaken. While wide variations will 
occur, dependent on the particular circumstances, it is possible 
to discuss a general pattern. This pattern, illustrated by a par- 
ticular development in Nigeria, touches on many of the factors 
which must be taken into account. 


1 INTRODUCTION 

WORLD WAR II left an interesting communications problem in many 
parts of the world. A general shortage of national telephone and tele- 
graph circuits, coupled with the poor condition of what was actually 
in service, led to a widespread desire to re-equip and expand many 
communications systems. Nowhere was the problem more acute than 
on the continent of Africa. Here the old colonies were at the dawn of 
an era of rapid economic and political change, and existing communi- 
cations facilities were obviously inadequate to either encourage or sup- 
port these changes. 

This article summarizes the general problems that confront adminis- 
trations under these circumstances and will, by way of illustration, 
refer to the particular solution adopted by the Posts and Telegraphs 
Department of Nigeria during the years 1950-1958. 


2 ADMINISTRATIVE PLANNING 

If an administration is planning a major increase in internal long dis- 
tance communications, the first step is to decide upon a logical routing 
for an expanded system and the preferred points of access to it. In 
outline this is not too difficult. Existing and planned centres of popula- 
tion and industry, together with road, rail or river transport routes, will 
be known. The problem resolves itself into linking the most important 
of the former by routes that will closely follow the latter. 
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The second step is to make an estimate of the required capacities of 
the various sections of the system. If this major expansion is the first 
of its kind in the country, it is unlikely that sufficient statistical evidence 
will be available from local sources to make this estimate accurate, and 
as provision will have to be made for probable expansion, the problem 
is not simple. Statistics from other countries can be used, but must be 
treated with caution, as required facilities and subsequent expansion 
will be closely related to the economy and population distribution of 
the country concerned. Rough estimates can, however, be made. Assum- 
ing negligible existing facilities, the initial capacities of the sections of 
the planned system can be built up by considering the proposed circuits 
to consist of three types, as shown in Table I. 








Table I 
mee Initial Circuit — 
Cc. t Categor H 
ircuit Category Capacity 
CATEGORY I 
Primary centre to 3 per 200 subscribers 
primary centre at the smaller centre 
CATEGORY 2 
Secondary centre to 2 per 150 subscribers 
associated primary centre at the secondary centre 
CATEGORY 3 
Secondary centres to I per 150 subscribers 
other secondary centres at the smaller centre 








These figures are conservative, and modifications will normally in- 
crease the allocation. As an example, the case of two large centres of 
population less than fifty miles apart can be considered. Although the 
system linking these two centres will be an integral part of the trunk 
network, it will tend to become a single ‘urban’ network, in which 
case the allocation should be trebled. Secondary centres that are closely 
tied to their associated primary centre by any common industry or 
economic programme will need more circuits than those that are not 
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Survey teams on the road 





Adjusting VHF aerials prior to installation 
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and, contrary to popular belief, a small political centre will write more 
and talk less than a local business centre of equal size. The variations 
are infinite and can only be considered in detail by the administration 
concerned. 

Again assuming negligible existing facilities, an accurate estimate of 
probable expansion is even more difficult. Two particular systems, one 
linking Lagos and Ibadan in Nigeria and the other Singapore and Kuala 
Lumpur in Malaya, will serve to illustrate how rapid the growth can 
be. In 1946 both systems were of 4-channel capacity, by the late 1950s 
both were using VHF systems of 96 and 144 channel capacity respec- 
tively. By the early 1960s both will be using heavily loaded 240 and 600 
channel UHF systems respectively. It is not suggested that all sections 
of all systems will grow at this rate but it is suggested that administra- 
tions must be generous in their allowance for future expansion. The 
minimum expansion factors that should be considered are set out in 
Table II. For larger capacity sections of any scheme it could be expected 
that these expansion figures would cater for a period of five years 
following the commissioning of a new system. 








Table II 
Stes ision for 
Circuit Category Provisie : fo 
Expansion 
CATEGORY I 
Primary centre to 
primary centre X§ 
CATEGORY 2 
Secondary centre to 
associated primary centre X4 
CATEGORY 3 
Secondary centres to 
other secondary centres XZ 








Network routing and traffic capacity having been decided, the type 
of system must be considered. Dependent upon system capacity, five 
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alternatives exist ; open wire line or coaxial cable, VHF or microwave | 
radio relay, or tropospheric scatter. Many highly controversial argu- | 
ments have been advanced in favour of the line and radio alternatives, 
and it is not possible in brief compass to review them. Suffice it to say 
that the costs of installation are comparable when terrain is favourable, 
with advantage in favour of radio as channel capacity increases and 
terrain becomes more difficult. Costs of maintenance, on the other 
hand, favours line systems particularly if power has to be provided by 
prime movers at radio repeater stations. As system size increases, the 
difference tends to be reduced. 

Two other factors are worthy of note. The first is security. A radio 











NATIONAL TELECOMMUNICATION NETWORK PLANNING 9 






} \ 
j =a ~~~, 7] 
eX OSHOGBO — j 
\ ~ / 
| IBADAN e be f 
} 2 
l ‘i on ae WN ‘¢ 
) 3 ase? Vy t ‘ / 
( 3 ‘J ae \~7 
, * ENUGU -4 
aaeioees BENIN CITY pe 





a Map 2. Line carrier systems 
in operation—September 1952 


system is easier to protect than its line equivalent. The second is flexi- 
bility. Expanding line routes is a major and costly operation, redeploy- 
ing them is impracticable. Radio, on the other hand, can be installed 
below its maximum capacity and subsequent expansion is then simple 
and without expense except for additional carrier equipment. If eventu- 
ally overloaded, it can be replaced and redeployed quite simply. In a 
rapidly expanding system, therefore, the flexibility of radio is an 
important advantage. 

Nigeria provides an example to illustrate these problems and their 
convenient solution. Map 1 shows how the country is divided. The 
densely populated Western Region has its capital at Ibadan, a city 
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Map 3. Broad provisions 
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with a population of 500000, with the Federal Capital of Lagos as 
the major port and most important trading centre in the country. 
The Eastern Region has its capital in the coalmining city of Enugu, 
linked by road and rail to Port Harcourt. The large Northern Region 
has its capital in Kaduna, some 150 miles south of the important 
agricultural and trading centre of Kano, also the location of the inter- 
national airport. 

In 1949, the trunk telephone facilities available for the whole country 
were very limited and the initial administrative decision to expand 
them greatly was then taken. As an interim measure the existing line 
routes were developed until, in 1952, immediately prior to the start of 
the new system, they were as shown on Map 2. 
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NATIONAL TELECOMMUNICATION NETWORK PLANNING II 


The P & T Department had decided to link the three regional capitals 
in the form of a triangular backbone from the apices of which spur 
systems would run to Lagos, Port Harcourt and Kano. The routing of 
the system was to be such that it followed, as closely as possible, exist- 
ing road, rail or river transport routes. The new system would link the 
primary population and political centres, while the centre triangle 
would provide security against any possible operational failure of one of 
the sides. By following transport routes it would also provide convenient 
access at intermediate towns. Map 3 shows the broad provision of facili- 
ties as foreseen at this stage, the figures in brackets indicating the 
maximum system capacity at various points. 

Existing line routes could not be repaired or upgraded to meet the 
foreseen requirements. New, accurately balanced and transposed line 
routes would have to be built, or an entirely new system employed. At 
this time the alternatives in new systems were limited. Tropospheric 
scatter was in its infancy, coaxial cable systems were not feasible 
because of cost, which left VHF or UHF Radio Relay systems using 
frequency division multiplex channelling equipment as the only prac- 
tical alternative. Of these two, UHF systems could be ruled out initially 
as the higher cost was not justified by the number of channels involved. 
The overall problem thus resolved itself into a consideration of the rela- 
tive merits of line or VHF radio relay systems. 

Reviewing all the factors involved, the P & T Department decided in 
favour of the VHF radio relay eee for the major portion of the 
planned system. 

The overall correctness of this decision has been demonstrated in 
later years by the considerable post-installation expansion that has 
taken place — an expansion only made possible by the economic success 
of what became known as the Nigerian VHF Main Trunk Scheme. 


3 DETAILED PLANNING AND ROUTE SURVEY 
Once a decision to use radio has been taken, it becomes necessary to 
examine all problems in more detail. For this to be done with any degree 
of precision a radio survey will have to be conducted over the appro- 
priate sections, defining suitable sites precisely. 
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This field survey work is of great importance. Unless the maps of the 
routes involved are extremely accurate and unless there is sufficient 
statistical information concerning the propagation conditions likely to 
be encountered, it is extremely dangerous to install a large radio scheme 
without first checking the radio performance of each path. It is not to 
be considered that this work will merely consist of erecting masts on 
casually selected sites and checking that propagation conditions 
between these sites are sufficiently favourable. Consider the obvious 
criteria for an economic system : 


(1) The maximum possible distance between stations (i.e, the mini- 
mum number of stations and thus the minimum capital cost). 


(2) The maximum accessibility of stations (i.e, the minimum main- 
tenance difficulties and access road costs). 


(3) The minimum distance between stations to which traffic access is 
required and their associated local exchanges (i.e, the minimum 
cable tail cost and minimum level loss on simple terminated 
circuits). 


It is immediately clear that criterion (1) is generally diametrically 
opposed to (2) and (3). The survey engineer has to find, therefore, a 
series of sites which can be likened to operating points set in a field of 
opposing forces. Close co-operation with the administration is involved, 
as only they will be able to adjust planned arrangements to suit the loca- 
tions indicated by the propagation tests. These points will be illustrated. 

In Nigeria, the P & T Department chose Marconi Type HM too VHF 
multichannel radio equipment, and asked the Company to conduct a 
survey over the proposed routes. It was calculated that this would in- 
volve tests over about fifty paths and would take about two years to 
complete. The P & T Department also decided that the survey should 
start on the route Lagos — Ibadan — Benin — Enugu, thus permitting the 
most important section, Lagos— Ibadan, to be installed while survey 
work was proceeding on the remoter sections of the scheme. A special 
survey section was established comprising three mobile teams each led 
by one of the Company’s engineers and equipped to form a completely 
independent mobile station. The movement across country was made in 
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the form of a massive game of leapfrog, the end unit always hopping 
over the other two to start on a new path. This programme started in 
Ibadan in 19§2 and continued in regular progression until Enugu was 
reached, some nine months later. Here a brief halt was called for a refit 
of men and material. As results were obtained they were sent to the 
Marconi propagation laboratories at Great Baddow, where they were 
rigorously checked. When considered necessary, sites and paths were 
re-checked and changed until the requirements for the system were 
fully satisfied. The final system is shown on Map 4. 

These results involved a site that illustrates nicely the solution of the 
problems involved. This was Idanre, between Ibadan and Benin. The 
site was the top of a 750 ft outcrop of rock, some 20 miles off the main 
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Idanre repeater site. The diesel generators are located at the foot of this 750 ft 
crag for ease of access; the radio equipment is installed adjacent to the aerials, 
access to which has to be on foot 
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road, along what was then a secondary bush road. The rock was so 
steep that it would only be possible to reach the summit on foot, and 
thus suffered a very poor accessibility factor indeed. However, it would 
save one, and possibly two, additional repeater stations, and consulta- 
tion with the P & T Department revealed that it could also be used as an 
unattended switching station with traffic access for secondary circuits 
to two towns in the area. This made it an economic proposition and the 
site was chosen. 

The survey teams were now ready to move off on to the section 
Enugu — Kaduna, which would link up the river ports of Lokoja and 
Baro. It was to serve what was primarily a river transport route and it 
was expected that road access to stations would be more difficult than 
hitherto. The survey work proceeded and as it did so the outline sketch 
of the system crystallized into a chain of planned repeater stations. 

By April 1953 the central triangle was completely surveyed and all 
that remained were the two spurs Enugu— Port Harcourt and Kaduna 
— Kano. Installation work started on the link Lagos— Ibadan and was 
well under way by the time the survey finished in Kano. The work 
was now entering a new phase. 


4 INSTALLATION AND COMMISSIONING 
During the progress of a survey an installation programme will be 
established. Of obvious importance is the choice of the first section to be 
installed. There are two lines of thought : 
The first : 
To install one of the less important and cheaper sections first, in 
order to test the scheme in general. This ensures that the scheme is 
finally committed to equipments of locally proven efficiency. 
The alternative : 
To install the most important section first. As this section will usually 
link the two most important centres, it should prove an immediate 
economic success. This will ease the flow of capital for further sec- 
tions and may considerably augment it due to increased income. 
For a wealthy administration the first, offering as it does certain 
technical security, might be advantageous. However, the possibility of 
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serious technical error is becoming increasingly remote, and an adminis- 

tration that is stretching its resources in order to affect a major expan- 

sion could well adopt the second as, in this case, an immediate success 
might make a considerable difference to the speed with which the 
complete scheme is installed. 

The choice having been made, it should then be possible to produce 
an overall programme for the complete installation. This plan should 
take into account increased or new local exchange facilities at points 
of access, and a manufacture and supply programme will have to be 
drawn up by the contractor to suit this programme. It then remains to 
consider the many problems attendant upon the actual physical instal- 
lation itself. These can be divided into four broad sections : 

(1) The building of access roads, station buildings, footings for large 
towers and any other civil engineering activity. 

(2) The erection of towers, masts, aerials and feeder cables. 

(3) The installation of diesel generators and control equipment, power 
cables, switches and transformers. 

(4) The installation and commissioning of radio and carrier equip- 
ments. (On large schemes it may be necessary to provide for a 
separate carrier section.) 

As shown earlier in this article, control of a survey team is a rela- 
tively simple matter. Two or three units move across a country at 
approximately the same speed, as each is doing the same type of work. 
In the case of installation, there are at least four different units, all 
doing different work at different speeds at different stations. Ideally, 
each unit should receive materials at exactly the right time, start work 
and proceed at a predetermined speed. Each should complete its work 
such that another unit can move in and continue the process of build- 
ing a complete station. Unfortunately, too detailed an installation plan 
frequently proves unworkable, and much will depend on the ability of 
the Supervising Engineer to minimize the inevitable dislocations, within 
an overall installation programme. 

Once the installation programme has been determined, some con- 
sideration can be given to the personnel required for the installation 
team. Again, a general case must be considered, and the numbers 
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suggested being subject to modification to suit any particular case. For 
simplification it will be assumed that station buildings are ready and 
that adequate transport is available. The minimum personnel required 
for each installation section will be as shown in Table III. 


Table III 





RIGGING SECTION For towers not exceeding 200 ft in height, 1 experienced rigger plus 
§ assistants. 

For towers exceeding 200 ft, 2 experienced riggers plus 15-20 
assistants. 











POWER SECTION I engineer plus 1 experienced mechanic plus 5 assistants. 
RADIO SECTION I engineer plus 3 assistants. 
ADDITIONAL I engineer in charge, who will have to offer technical assistance to 


any section that needs it, in addition to other administrative duties. 
I superintendent of stores and transport, who will facilitate customs 
clearance and supervise transport in the country. 








Reverting to the Nigerian example, the most important section, 
Lagos— Ibadan, was installed, with only limited technical assistance 
from the Company, during the later stages of the survey and went into 
traffic in 1953. The economics of the system were studied for a period 
and proved to be such that the decision to proceed with the major ex- 
pansion was taken in 1954. Progress was to be along the route Ibadan — 
Enugu but as technical and administrative personnel were in such short 
supply at this time, the Company was asked to assume field responsi- 
bility for part of the Civil Engineering Section, the Rigging Section, the 
Power Engineering Section (with the exception of cables and trans- 
formers) and the Radio and Carrier Section. The stores and transport 
facilities of the Department were made available for installation pur- 
poses, and where these were insufficient, additions were made by the 
Company and subsequently taken over by the Department. In July 1955 
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September 1957 


the first shipment of equipment arrived in Lagos, and the power and 
rigging sections started work. They were followed, three months later, 
by the radio section and work was proceeding smoothly in the direction 
of Enugu when it became known that Her Majesty the Queen planned 
to visit Nigeria in February 1956. Many plans were accelerated and 
amongst them was the VHF installation to Enugu. It was agreed that 
the final installation of the section could not be completed in time but a 
provisional installation was considered possible. Considerable efforts to 
this end were successful, and the circuits provided good news coverage 
and broadcast facilities during Her Majesty’s visit. This concluded, it 
was noted with pleasure by the Department that, far from diminishing, 
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3 Map 6. Systems in use— 
September 1958 and September 1960 


the traffic over the system continued to grow. In this case the installa- 
tion was completed, tested and commissioned without going out of 
traffic for more than short and unavoidable periods. This inevitably 
delayed completion of the work but the Department was happy that 
this should be so. 

Small teams were left to complete the Ibadan — Enugu section while 
other teams started on the installation of the sections Ibadan — Minna 
and Enugu— Minna. Work continued fairly rapidly on these sections 
and Minna was reached in December 1956. It was decided to complete 
the section Minna— Kaduna as quickly as possible, despite the lack of 
some small items of equipment. When this was done the teams were 
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cut in size and then moved back over the system, installing outstanding 
items, testing and commissioning. The last link to be officially accepted 
by the Department was Lokaja— Minna in November 1957. The system, 
shown on Map 5, was complete. 
5 CONCLUSIONS 

The problems involved in radical expansion of communications facili- 
ties are many and complex. The cost is usually high, and the returns 
are, even when considerable statistical evidence exists, not able to be 
stated with certainty. Often, extension beyond the range of local ex- 
perience is involved, and for these reasons there is considerable tempta- 
tion to err on the side of caution. Experience in many different circum- 
stances suggests that the estimate of demand for improved services is 
almost always pessimistic and, in view of the high cost of obsolescence 
or redeployment, it is prudent to provide an extremely adequate margin 
for expansion. Further confirmation of this trend is given in Map 6, 
which shows the increase of capacity which has proved necessary over 
a period of only two years— 1958 to 1960. Such expansion can usually 
be more economically provided for a radio system than for a line as, 
with proper planning at the outset, a large proportion of the capital 
investment can be utilized unchanged for a much enlarged system. 
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Performance and 


Maintenance of the Nigeria 
VHF Trunk Network 


L. A. SUMMERLAND, A.M.1.E.E 


Published information on the performance of multichannel 
radio networks is very limited, not least because of the time 
whick must elapse before reliable conclusions can be drawn. 
This article sets out the performance obtained on the Nigerian 
system over a two-year period, and describes the maintenance 
organization which has been provided. 


1 INTRODUCTION 

THE LAST TEN YEARS have been marked by a rapid increase in the num- 
ber of multichannel radio systems, operating in the VHF and microwave 
bands, used for relaying trunk telephone and telegraph traffic. These 
systems utilize equipment specifically designed for this purpose which 
has proved to be highly reliable, but of necessity it has to be rather 
complex in order to meet operational requirements and the exacting 
performance specifications that are laid down. Occasional faults are 
inevitable so that adequate facilities must be provided for their speedy 
repair. 

Very little has been published on the performance in service of 
systems of this kind, and it is felt that the results obtained on a typical 
system may, therefore, be of interest. The performance obtained is 
obviously dependent on the maintenance facilities that are available, 
and this article describes the organization which was set up to maintain 
the VHF radio trunk network in Nigeria immediately the system was 
commissioned. The system comprises a main radio network of 1000 
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Fig.1. VHF multichannel system— April 1960 


route miles forming 43000 channel miles. It employs Marconi equip- 
ment Type HM roo and the system layout is illustrated schematically 
in Fig.1. 

Where a high degree of reliability is necessary the most satisfactory 
solution to the problem of occasional faults on a multichannel system 
is to provide standby equipment which can be switched into service 
automatically on failure of the operational equipment. In Nigeria, how- 
ever, it was decided to install a twin-path system, both paths of which 
would carry traffic, and therefore any failure in the system will result 
in outage time and loss of traffic. This situation has been met by dividing 
traffic into priority (which includes major VFT systems) and non- 
priority groups, and by arranging for the priority groups to be patched 
to the non-priority path in the event of a failure of the main path. This 
results in loss of non-priority traffic. 

It should, therefore, be kept in mind that data on system performance 
quoted in this article mainly relates to the non-priority paths. Priority 
traffic is only lost when both paths fail simultaneously, a much smaller 
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percentage of the time. The absence of a standby path increases the need 
for efficient maintenance and fault control, procedures for which are 
also described. 

Responsibility for maintaining the network has been entrusted to a 
Marconi engineering group seconded to and forming part of the Post 
and Telegraphs Department. This group is entitled the ‘Nigerian Main- 
tenance Service’; 26 radio and transmission engineers are organized in 
6 areas and 3 sub-areas, controlled and supplied from a headquarters at 
Lagos, as shown in Fig.2. These engineers undertake the maintenance of 
all the VHF radio, telephone channelling and VFT equipment in their 
stations ; their responsibility commences at the audio points on carrier 
equipments and send and receive telegraph legs on VFT equipment. Six 
diesel engineers maintain the diesel engines and generators in the 
system. There are also about 75 locally employed technical officers and 
technicians with a force of 100 miscellaneous staff, such as fitters, 
riggers, clerks and drivers, etc. 


2 SYSTEM CONTROL 

As described in the Introduction, failure of either radio path results 
in loss of Path II traffic, making prompt remedial action necessary. 
Loop-round facilities on the radio equipment allow for quick location 
of the faulty station, and engineers travel at any time in the day or 
night to carry out the necessary repairs. A large number of stations are 
located at spots difficult of access, often some three hours’ drive from 
the main residential towns where engineers are stationed. Two stations 
are only accessible by railway, and a repair of a breakdown awaits the 
first available train. A breakdown at such a station can therefore result 
in an outage time of many hours. It has therefore been found worth- 
while to employ technicians at some remote repeater stations, who are 
capable of carrying out minor repairs under the direction of engineers 
at the terminals. 

On occasion a major fault occurs, such as a twin diesel set power 
failure or severe lightning strike, which fails a whole repeater station, 
putting both radio paths in the link out of service. In this case, the 
triangular pattern of the system (see Fig.1) allows for some traffic 
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between the terminals concerned to be passed along the other sides of 
the triangle. 

Fault control is vested in certain main controlling stations whose re- 
sponsibility it is to supervise the clearing of the fault in the quickest 
possible time. They are responsible for the patching of priority traffic 
and VFT systems on to other routes as required, and keeping the local 
stations and exchanges informed of the situation. Controlling stations 
also advise Maintenance Service headquarters staff in Lagos of serious 
faults, who keep the P & T Department in touch with the overall 
situation. The carrier stations and headquarters are linked by telephone 
order wires so that rapid inter-communication is assured. Main carrier 
stations are staffed round the clock and an engineer is always on tele- 
phone call. 





Typical terminal installation showing twin path radio and carrier equipment; provision for 
additional carrier equipment can be seen 
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All faults are recorded in a station log book, and also on fault dockets 
which are reported to the main Lagos control where they are analysed 
weekly. These dockets, a sample of which is shown in Fig.3, contain 
all the information on the radio fault and its clearance. (For simplicity 
in calculation, outage times are given in decimal parts of an hour.) It 
has been found convenient to classify faults into categories. This simpli- 
fies analysis and assists in tracing persistent faults in order to eliminate 
them in future. The breakdown adopted is as follows : 





1 Fading and ‘FNF’ Possible radio fades and cases where no definite fault is found 
(Fault not found) on investigation. (Faults in this category are often due to inter- 
< mittent types of. faults such as dry joints, bad valve pin con- 

nections, etc) 





2 Lightning Known lightning damage 





3 Rectifier valves 





4 Valves other 
than rectifiers 





5 Components Resistors, condensers, etc 





6 Radio equipment Radio equipment faults other than 3, 4, 5, 7 (e.g, stage off tune, 
meter switch faults, bad connections, etc) 





7 Fuses Fuses blown on radio equipment, possibly due to mains or 
lightning surges, etc 





8 Power supply Failure of mains supplies from diesel sets or town supplies 





9 Maintenance Planned maintenance work 








3 RADIO SYSTEM PERFORMANCE 
The radio fault analysis was begun in early 1959. Weekly posting of 
the information obtained keeps the staff up-to-date with the trends, but 
averaging over a longer term is more significant from the engineering 
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viewpoint. Fig.4 illustrates one method of presentation of such data, 
giving average outage times per week, expressed as a percentage, for the 
four quarters of 1959 and 1960, broken down into the classifications 
given above. The data given in Fig.4 involves summation, of the outage 
time on each link-path (made up of two VHF terminals and a number 
of repeaters) for the whole system. The average outage time for the 
whole of 1959 was 0-87% (i.e, an average of 1-45 hours per week for 
each of the 18 link paths). The average for 1960 for the whole system 
(covering 16 links only) was 1-09% (i.e, 1-83 hours per link path). The 
percentage of time in this period for which any link was completely out 
of action, due to a fault which affected both paths simultaneously, 
averaged less than 0-1%. 
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The fault analysis for 1959 and 1960 are shown in Tables 1a and rb. 





























Table 1a 
FAULT ANALYSIS, 1959 
Total duration and 
number of faults (18 links) 1382-0 hours 868 
FAULT TYPE OUTAGE TIME (%) NO. OF FAULTS (%) 

Fading and FNF 23°4 jor2 

Valves other than 
rectifiers 17°4 13°9 
Radio Equipment 16°6 16°3 
Fuses 16°0 17°4 
Rectifier Valves 10°6 10°0 
Power Supply 7°3 7°3 
Components 5° 371 
Lightning 3°7 2+8 

Table 1b 
FAULT ANALYSIS, 1960 
Total duration and 
number of faults (16 links) 1524°0 hour. 977 
FAULT TYPE OUTAGE TIME (%) NO. OF FAULTS (%) 

Radio Equipment 21°8 15°8 
Fading and FNF 19°9 28-0 
Fuses 18°5 19°6 

Valves other than 
rectifiers 14°8 12°2 
Components 12°2 4°7 
Rectifier Valves 6°5 6°3 
Power Supply 5° 1370 
Lightning 0:8 o*4 
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Fig.4. System average outage time (%) 


Even before the fault analysis was begun, it was apparent that failure 
of rectifier valves was responsible for a high proportion of outage 
time. To overcome this the valves concerned were changed at three- 
monthly intervals (approximately every 2000 hours). Nevertheless, 
some 15% of outage was still attributable to this cause in the first six 
months of 199, so it was replaced by an alternative type, the Mullard 
GZ.34. This is giving more satisfactory service, and at present is only 
being replaced on failure, rather than periodically. If, however, it is 
noted that the failure rate of these rectifiers tends to increase it is pro- 
posed to replace them every six months at unattended repeater stations. 

Towards the end of 1959, attention was directed towards checking 
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VHF repeater station at IFE, a site with good access 
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and improving the earthing at radio stations and providing surge 
diverters to reduce the number of blown fuses. Earths were remeasured 
and improved where necessary ; surge diverters were fitted to mast 
lighting cables, overhead power lines and in between the radio equip- 
ment and dual engine sets. Isolating transformers have been fitted to 
some mast lighting cables so as to reduce the possibility of lightning 
travelling down feeders into the radio equipment. As an experiment 
slow-blow fuses and later anti-surge fuses were introduced into a section 
of the system and finally throughout the system. 

To reduce faults due to valves, other than rectifiers, and the radio 
equipment, a special inquiry is being made to see if any particular type 
of valve or stage is giving trouble. The first step towards tackling the 
most frequent type of fault (i.e, ‘Fading and FNF’) is to identify the 
links and stations worst affected. 

From the viewpoint of the Administration, outage time, representing 
lost traffic and lost revenue, is the all-important yard stick by which the 
system performance is assessed. From an engineering point of view 
however, the type and number of faults is more significant. Table 2a 
gives a link by link breakdown of this information, from which the 
worst link in the system in 1959 was seen to be that between Minna 
and Lokoja. Of particular significance on this link was the fact that the 
average faults per link, classified under the headings ‘Fading and FNF’ 
and ‘Radio Equipment’ (7-3 and 3-9 respectively), were nearly twice 
the system averages for this classification. Path attenuation figures for 
this link are not notably higher than for others in the system, so that a 
high incidence of undiscovered intermittent faults was indicated. This 
supposition is supported by the above-average rate of faults in the radio 
equipment which have been brought to light. To improve the position, 
all the radio equipment in this link was carefully overhauled in 1960 
and each panel withdrawn and inspected for bad joints, poor connec- 
tions, etc. The stations in the link with the highest number of faults 
were tackled first. Other links with a poor fault rating and carrying 
most traffic will also be given a thorough overhaul. Table 2b gives the 
fault information for 1960. 
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Table 2a 
ANALYSIS, 1959 





Types and numbers of Faults 








Average per Repeater Section 


No. of twin path Repeater Sections 
Fading and FNF 
Lightning 


4 Valves other than Rectifiers 


6 Radio Equipment 
8 Power Supply 


3 Rectifier Valves 
5 Components 


I 
2 


Link-Path 





Minna-Lokoja 





Enugu-Lokoja 





Minna-Kaduna 





Lagos-Ibadan 





llorin-Minna 





Ibadan-Benin City 





Ibadan-llorin 





Enugu-Onitsha 





Benin City-Onitsha 





TOTALS 64 87 65 








Average per Repeater 
Section per annum 4°14 | 0°38 | 1°36 | 1°89 | 0°36 | 2°08 | 2°36 | 1°02 | 13°5 



































The average number of faults per link-path during 1959 was 56 = 48-2 
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Table 2b 
FAULT ANALYSIS, 1960 
Types and numbers of Faults 
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Link-Path 
Enugu-Lokoja 3 50 — 8. 17 4 21 12 18 130 21°6 
Minna-Lokoja 5 ji = II 29 8 36 48 11 214 21°4 
Enugu-Onitsha 2 24 — 5 10 I 8 16 1g 79 19°7 
Minna-Kaduna 3 32 — 4 4 3 7 31 26 107 17°8 
llorin-Minna 5 30 3 17 27 12 27 36 24 176 17°6 
Benin City-Onitsha 4 25 — 6 1g 13 29 17 12 117 14°6 
Ibadan-Benin City 4 27 I 7 II I II 16 1g 89 1Iet 
Ibadan-llorin 3 15 a 4 6 4 1g 15 6 65 10°8 
TOTALS 58 274 4 62 119 46 154 191 127 977 
Average per Repeater 
Section per annum 4°72 | 0°07 | 1°06 | 2°05 | 0°79 | 2°65 | 3°29 | 2°19 | 16°8 



































The average number of faults per link-path during 1960 was a7 =61+1 
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After the improvements described had been carried out the number 
of rectifier valve faults had fallen considerably and faults due to light- 
ning had almost completely disappeared. The number of fuses blowing 
for no known reason appeared to be increasing; the increase was 
checked in 1960 by the introduction of anti-surge type fuses, but this 
type of fault remains a serious problem. Usually the 500mA HT fuse 
blows and this may be due to a component failure which recovers when 
the equipment cools down (for example a condenser resealing). At one 
station the usual valve type HT rectifiers have been replaced by metal 
rectifiers and it will be interesting to see if the number of fuses blowing 
decreases. 

The number of faults per link -increased substantially in 1960, and 
this accounts for the higher average outage time. This may be due to a 
greater component failure rate with age. 


4 MAINTENANCE PROCEDURES 
Previous sections of this article have dealt mainly with the performance 
attained, and the procedure adopted once a fault has occurred. The 
performance attained, generally satisfactory when considered in con- 
junction with the physical difficulties involved, is the result of carefully 
considered preventive maintenance procedures. 

Each unattended station in the system is visited on an average once 
per fortnight by engineers for routine checks and inspection. Mainten- 
ance work involving interruption of traffic is normally carried out 
before 8.0 am or after 11 pm. The main maintenance effort comprises 
daily checks of Carrier and VFT channels in rotation so that each 
channel is tested once per week, supported by comprehensive 3-monthly 
and 6-monthly tests and alignment on all equipments; these being 
scheduled in detail well in advance. Copies of the schedules are passed 
to the Traffic Branches who are thus informed of the expected circuit 
interruption due to maintenance. 

The maintenance tests are shown in detail in routine instructions 
prepared by the group specially for the purpose, and form the modus 
operandi for maintenance effort. Care is taken that these instructions 
are in a form suitable for use by technical officers and technicians. The 
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results of the tests are carefully recorded on special test forms which 
tabulate the test and specify the expected results. Copies are forwarded 
to headquarters where, after checking, they are filed to form a con- 
tinuous record of path and equipment performance. From these results, 
in conjunction with fault reports, headquarters staff may decide that a 
special overhaul or some replacement of components or equipment is 
necessary. By continuous maintenance and interest in the equipment, 
faults are prevented and outage and lost traffic time kept to.a minimum. 


MAIN TESTS ON EQUIPMENT 





RADIO TESTS PERIODICITY 
Path levels on 80 kc/s 

pilot sub carrier Weekly 
Meter readings Monthly 
Cleaning of valve pins 3-monthly 
Receiver gain, noise factor and 

received signal strength 3-monthly 
Aerial standing wave ratio 3-monthly 
Overall frequency response 3-monthly 
Line-up of radio links for traffic 3-monthly 
Check of feeders and aerials 6-monthly 
CARRIER TESTS 
Meter readings Weekly 
‘ Speak and ring ’ check Weekly 
Channel and signalling levels Weekly 
Check of signalling receiver Weekly 
Carrier supply levels Weekly 
Group and radio levels 3-monthly 
Signalling relays and distortion 3-monthly 
Carrier leak check 3-monthly 
Overall channel frequency 

response and noise level 6-monthly 
VFT TESTS 
Meter readings Daily and Weekly 
Distortion check and adjustment Weekly 
Check of telegraph relays Weekly 
Oscillator levels Weekly 
Mark-space ratios 3-monthly 
Check of channel panel and 

AGC operation 3-monthly 


Channel send levels 3-monthly 
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Adjustment to channel panels, Lagos 


Care of the diesel power plant is given particular attention, in view 
of its fundamental importance to the efficient operation of the whole 
system. Although this plant is capable of 1 000 hours unattended run- 
ning, more frequent maintenance is considered worthwhile, the number 
of diesel engineers employed allows for fortnightly routine visits of 
inspection and the following programme of servicing : 

Every 750 hours— Oil and injectors changed. 

Every 1 500 hours (except as below) — Top overhaul. 

Every 4 500 hours — Minor overhaul. 


Every 9 000 hours — Major overhaul. 


The provision of adequate and reliable test equipment has been found 
to be essential. Originally, the items in Appendix I were held at each 
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terminal station, and were brought along from the terminals or con- 
trolling stations by the engineer as required for tests at repeaters. How- 
ever, the amount of damage suffered by the test equipment in prevailing 
conditions of transportation has resulted in the provision of test equip- 
ment at most stations. The transmission measuring set and electronic 
telegraph distortion measuring set are, of course, only required at ter- 
minals and intermediate terminals. The latter equipment has been found 
to be invaluable in the checking of VFT performance. 

More complex test equipment is held at a central point. This includes 
such items as white noise and harmonic measuring sets, for use during 
special radio overhauls, psophometers, millawatt test sets and record- 
ing decibel meters, for continuous level checks. 

Sets of spare valves and components are held and maintained on 
stations according to carefully thought-out scales. These spares are held 
in quantity in the Main Stores for the system, where also will be found 
base spares and complete spare panels roughly on a ‘one off ’ basis (i.e, 
one spare panel for each type of panel in use). 


§ CONCLUSIONS 

Some engineers take the view that over-maintenance can be as bad as 
under-maintenance, since faults may be caused by disturbance to the 
equipment. The author does not support this view and considers that 
only by continuous interest in the equipment can it be kept up to speci- 
fication and faults prevented. The regular performance of routine tests 
also helps to keep engineers in touch with the equipment and improves 
their ability to perform rapid tests while fault-finding. As a result of 
experience, however, the intervals between routine maintenance opera- 
tions are being lengthened to 6 and 12 months respectively on some 
good links, meanwhile keeping a careful check on outage time and 
number of faults. 

The performance of the Nigerian system for 1959 may be expressed 
as an average outage time per link-path, comprising two terminals and 
several repeaters, of 0-87%, with a fault liability of 48-2 faults per 
annum (13-5 faults per repeater section from all causes). In 1960 outage 
time was 1-09%, and fault liability 61-1 per annum (16-8 faults per 
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repeater section from all causes). The more important factor, the per- 
centage of time for which both paths are out of commission, was 0-1%, 
an average of 10 minutes per week. 

The fault rate indicates the technical state of the system. The outage 
time reflects this but gives also an appreciation of system efficiency, 
this efficiency depending on the ability of engineers to localize and clear 
faults, the effectiveness of staffing arrangements in providing quick res- 
toration, and the accessibility of the radio stations themselves. System 
efficiency can also be expressed by the average restoration time per 
fault. In 1959 this was 1-59 hours, and in 1960 1-56 hours. 

It would be useful to compare these performance figures with other 
national systems and types of radio equipment (for instance, those 
operating at UHF). In Nigeria a UHF link has recently been installed 
and a comparison of performance is being started. Similar attention is 
now being given to the analyses of faults on Carrier and VFT equipment 
in service. 

The Nigerian scheme consists of a self-contained transmission main- 
tenance service where the emphasis is on centralized direction and con- 
trol of maintenance staff in the field. It regards the network as a trans- 
mission whole and does not split functions separately into Radio and 
Carrier. The staff comprises transmission engineers who are capable of 
looking after both. The vindication of this approach has been the re- 
quest by the Posts and Telegraph Department that the Nigerian 
Maintenance Service should assume responsibility for all transmission 
equipment maintenance in Nigeria. This will involve responsibility for 
Carrier equipment in a further roo stations. 

The existence of a highly trained maintenance staff can be turned to 
advantage in the installation of system extensions. While the primary 
responsibility of the Nigerian Maintenance Service has always been the 
maintenance of the existing system, nevertheless quite extensive instal- 
lation tasks have also been accomplished. 
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Appendix I 
TEST EQUIPMENT IN GENERAL USE 
1 Reflectometer 
2 Valve Voltmeter 
3 VHF Signal Generator 
4 RF Power Meter 
5 RF Test Voltmeter 
6 Avometer Type 8X 
7 Out of Band Signalling Test Set 
8 Transmission Measuring Set 
9 Telegraph Distortion Measuring Set 
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Training Technical Officers 


in Nigeria F. R. J. LANGRIDGE, A.M.I.E.E, A.M(Brit)I.R.E 


The Marconi Company was approached by the Nigerian P & T 
Department to establish and operate a Radio and Transmission 
School in Nigeria, to train potential Nigerian technical officers 
to the sub-professional technical level. 

The Marconi Radio School described can, with suitable modi- 
fication, be adapted to suit the needs of any country having 
similar training problems. 


1 INTRODUCTION 

THE EXTENSIVE DEVELOPMENT of the public Telephone and Tele- 
graph service in Nigeria, described elsewhere in this issue, led to a 
radical departure from the pattern existing in the P & T Department. 
Previously the Engineering Section of the Department had consisted of 
a number of professional-grade engineers and a few technical officers, 
who were mostly expatriates, supported by a large number of Nigerian 
semi-skilled technical workers. The new radio network involved a large 
increase in skilled staff for effective maintenance, and to meet this re- 
quirement as far as possible from local resources would call for a large 
number of Nigerians trained at least to Technical Officer standard. 

The existing departmental training cadre in Nigeria was considered 
inadequate for this task, and the Marconi Company was invited to 
establish a Radio and Transmission Training School within the depart- 
mental training system. Since 1956, when the Marconi training school 
started with one class of 20 students, the scheme has been increased in 
both size and scope, and the 1960-61 session will see some 140 to 150 
students under training (see Fig.1). 

The first fully trained students left the School at the end of May 1960 
and have now taken their place in the Maintenance Service. 

Until this training scheme can produce an adequate number of trained 
personnel the Company is under contract to maintain virtually the 
whole of the trunk telephone and telegraph network. 
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2 ENGINEERING REQUIREMENTS OF THE P & T DEPARTMENT 


As has been mentioned, a large proportion of the requirement for 
trained staff is met by expatriates. To meet the need from local resources 
calls for three main categories of staff : 

(1) Professional-grade posts are filled by students who either proceed 
overseas for several years and qualify abroad— principally in the 
United Kingdom—or by graduates from the Nigerian Colleges. 
Students of this type usually follow a modified form of post- 
graduate training with one or more of the companies supplying 
radio equipment. The Marconi Company offers such training to 
engineers in England. 
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(2) Technical officer posts. The scheme of training is designed to fit 
students to fill the many technical officer grades existing at the 
present time. The total requirement is expected to be between 175 
and 200. The extensive radio network can provide adequate field 
training within the country. Technical officers required to fill 
vacancies for local line planning, automatic telephone exchanges, 
telegraph offices, etc, are trained elsewhere by the P & T Depart- 
ment. 

(3%) Staff required to fill the basic technical grade vacancies within the 
Engineering Department are given vocational training consisting 
of one or more craft courses of comparatively short duration, 
either at the Central Training School or one of the Regional Train- 
ing Schools. 


This article describes the facilities for training staff in the second 
category. 





The Nigerian P & T Department Central Training School, Lagos 
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3 EDUCATION SYSTEM 
As the recruits to the Marconi Radio School have to be selected from 
the output of secondary school students, it would perhaps not be out of 
place here to give an outline of the educational system current in 
Nigeria. 

The population of Nigeria is some 35 million people. School at- 
tendance is not compulsory and, in fact, the school population is rela- 
tively small compared to the actual number of children of school age. 
Until recently, education at most primary schools was not free. Now in 
certain Regions of Nigeria free primary education is given, but it can 
take anything up to six years to reach the standard required for the 
‘Primary School Leaving Certificate ’. 

After the primary school stage a small proportion of students enter 
secondary schools. Education at secondary schools is not free unless the 
student can obtain a scholarship. Many of these scholarships are offered 
by the various Regional Governments and large commercial organiza- 
tions. After four years at the secondary school the student normally 
enters for the West African School Certificate, which is equivalent to 
the British General Certificate of Education, ordinary level. The approxi- 
mate numbers of boys taking the West African School Certificate is 
given in Table I. 








Table | 
Year No. entered Total Grade I Grade Il Grade Ill 
passes Cert. Cert. Cert. 
1954 2,200 1,430 
1966 2,400 1,600 
1956 2,850 1,900 15% 42% 43% 
19$7 3,100 2,070 
1958 3,410 2,280 
1959 4,100 2,750 




















Holders of the West African School Certificate may proceed to higher 
studies either in Nigeria or overseas. The number of secondary schools 
having Sixth Forms, in the U.K sense, is small and to ensure that there 
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are sufficient candidates to proceed to degree level, the Universities and 
University Colleges of Nigeria hold courses leading to the intermediate 
degree examination. Even so, there is still an unsatisfied need for train- 
ing to intermediate degree level and the Federal Government has estab- 
lished an Emergency Training Centre for this purpose. There are also 
Technical Institutes which accept School Certificate holders for their 
senior courses. The number of these Technical Institutes is inadequate 
and the total capacity at present is of the order 100 to 150 students per 
year. The range of subjects offered is accordingly restricted, and no 
facilities for training in radio or electronics are at present available. 

The method of entering the Universities is either by competitive 
examination er interview only. The tendency is, therefore, to sift off the 
better qualified student at the School Certificate level. This is, however, 
not always the case because unless the candidate has a scholarship, the 
University fees have to be found. Students can also enter the various 
Technical Institutes, and after a two years’ course of study obtain the 
West African equivalent of the U.K Ordinary National Certificate. In 
addition, certain Government Departments have training schemes, and 
the Marconi Radio School is, in fact, a part of one of these. 

Until comparatively recently secondary school leavers tended to 
avoid technical occupations and have taken clerical positions. The 
development of Nigeria technically has been recent and very rapid, and 
contrary to the known opportunities of a clerical career the Nigerian 
has not had any real idea of what a technical post would entail and 
what prospects it would offer. The rapid increase in technical develop- 
ment has, of course, increased the number of technical vacancies occur- 
ring each year. 


4 SELECTION OF STUDENTS FOR P & T DEPARTMENT 
Candidates are expected to hold a School Certificate, and to have reached 
credit standard in a Science subject, Mathematics, and—if possible — 
English. This is a minimum requirement and usually means that the 
applicant has to have a Grade I or Grade II Certificate. 

In addition, opportunities are afforded to suitable members of the 
lower grades in the Department who are without a West African School 
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Typical lecture in progress 


Certificate. The total intake for the P & T Department Engineering 
Training Scheme is 100 to 110 students per year, of which half are 
admitted to the Marconi Radio School. 


5 TRAINING OF TECHNICAL OFFICERS 
The requirement is to produce technical staff capable of maintaining 
UHF, VHF and HF radio communications systems and transmission 
equipment without constant supervision. The technical and practical 
skill of the trainee when he leaves the Training Centre must therefore 
be of a reasonably high standard, and the training scheme is designed 
to give a balanced theoretical, practical and workshop course. 

The main course is spread over a period of four years, and comprises 
four nine-month sessions at the School. Following each session, the 
students proceed on field training for experience of station practice to 
give them some idea of the communications system as a whole. 

The syllabus for the first three years is kept as broad as possible ; 
this enables other organizations to make use of the training facilities. 
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Since there is no other form of established radio training to a satisfac- 
tory standard in Nigeria, requests for training radio technical staff are 
constantly received, and the P & T Department have allotted a number 
of vacancies to the Meteorological Department (Storm Warning 
Weather Aids), Cable & Wireless Limited (International Communica- 
tions) and the Nigerian Police Force (Security HF and VHF radio net- 
works). The main theoretical part of the course is completed within the 
first three years. Almost all the fourth year is spent on equipment and 
field training. 

The students when they come to the Radio School have very little or 
no engineering background and it is, therefore, necessary to include in 
the general syllabus subjects which will broaden their general engineer- 
ing knowledge. 

In the school year of nine months, each week is divided into 31 one- 
hour periods. The weekly programme for each year is split into lectures, 
laboratory and workshop periods. 


5.1 FIRST YEAR 
The annual intake to the first year is 50 students, divided into two equal 
streams following the same syllabus, and throughout the year the two 


courses are held in step. 

Owing to lack of facilities very little practical work is done at secon- 
dary schools and, therefore, the laboratory programme is extensive. 
Experiments are written up on cards in the normal way. A considerable 
amount of time is spent on basic wiring of both radio and telecommuni- 
cations circuits. To stimulate interest the manufacture of simple printed 
circuits is undertaken and the students are afterwards introduced to the 
techniques involved in working on them. 


5.2 SECOND YEAR 
The second-year students are in two streams and once again little dis- 
tinction is made. At the end of the second year an adequate standard in 
Physics is reached and the students will have done some sixty to seventy 
experiments. 
Drawing is continued until the end of this year. Naturally, the 
standard reached is not high, but it is sufficient to give the students a 





TRAINING TECHNICAL OFFICERS IN NIGERIA 47 


basic appreciation of working drawings, wiring and schematic dia- 
grams, etc. At this stage an endeavour is made to co-ordinate between 
different subjects. For example, students draw a chassis in the Drawing 
Office, make and drill it during Workshop periods and complete it in the 
Radio Laboratory ready for electrical testing. The laboratory experi- 
ments attempt to make the student think for himself and draw logical 
conclusions from the results of his practical work. 


5.3 THIRD YEAR 
During the third year, the main theoretical part of the course is 
virtually completed. An additional subject, heat engines and standby 
power plants, is introduced, as in many remote areas of Nigeria there is 
no electric power supply other than that supplied by diesel-alternator 
plant at the radio stations. 


Technician under instruction while carrying out tests on channel baysides 
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A split is made during this year between the two streams of students. 
One stream is ultimately destined for the maintenance of UHF, VHF 
and transmission equipment, and the other for the maintenance of fixed 
low and medium power transmitters and receivers and VHF fixed and 
mobile radio security networks. 


5.4 FOURTH YEAR 
This year is devoted almost entirely to equipment training. The lectures 
are mostly on equipment design, layout and familiarization. During the 
practical periods, the students are taught routine and station fault pro- 
cedure, general line-up procedure, installation methods, etc. 


5.5 FIELD TRAINING 

During the course there are three three-month periods of field training. 
Students are posted to different stations, no student being posted to the 
same station twice. This procedure is very useful because students come 
into contact with the duties they will be eventually employed on, and 
may also work at the station to which they will be finally posted. The 
field training effort was, in the initial stages, hampered by the lack of 
suitably trained local staff in the field. This is now being overcome as 
the number of trained students leaving the School increases. 


5.6 FIRST YEAR AFTER COMPLETION OF TRAINING 
A record is kept of the students’ progress after they have left the Train- 
ing Centre. Regular reports submitted from the various maintenance 
stations give a very good idea of the precise nature of the duties of the 
former students, and enables emphasis on particular equipments to be 
made at the Training Centre, particularly during the final year of the 
students’ training. 


5.7 LINE TRANSMISSION TRAINING 
The introduction of new and more modern types of line transmission 
equipment has made it necessary to hold refresher courses of six to 
seven weeks’ duration for staff already in the field. During éach session 
one basic Carrier Course of six months’ duration is also held. It is antici- 
pated that students attending this course will have to return later to the 
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Final year students working in one of the equipment rooms 


Training Centre for additional courses on specific types of equipment 
and systems. 


6 WASTAGE OF STUDENTS 
For an annual intake of s0 students, it is anticipated that at the start 
of each of the succeeding years the pattern will follow the figures 
shown in Table II. 


Table II 





First Year Second Year Third Year Fourth Year 


50 38 34 30 





Students entering the School are not bound in any way and they are 
free, after a month’s notice, to leave and go where they choose. This 
results in a heavy loss of students during the first year and part of the 
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second year. As selection is limited to the better students, many of 
whom join with a scholarship application outstanding, it is not unusual 
to lose up to 10% of the intake within two months of the start of the 
first session. 

Losses of students also occur due to failure. Careful selection ensures 
that these are comparatively rare during the first year. With the in- 
crease in tempo during the second year several of the weaker students 
fall by the wayside after failing in progressive weekly tests. By careful 
control of progress in the second year failures in succeeding years are 
kept to a minimum. 

Losses at the end of the third year are almost entirely of outside 
students who do not require equipment training in the fourth year. 


7 PERFORMANCE STANDARDS 

The students pass or fail on results from both written and practical 
work. However, successes have been gained by students from the 
School in external examinations. Several of the better ones pass the 
General Certificate of Education examination in Physics (Advanced 
level) at the end of the second year. Some obtain the City and Guilds of 
London Institute Telecommunications Technicians Certificate at the end 
of the third year. It is anticipated that practically all the students 
leaving the School after the fourth year will hold this qualification. 
Some should approach City and Guilds Full Certificate level. Entries for 
other examinations are expected in the future. It should be emphasized 
that the syllabus is not specifically designed for these examinations, 
but the P & T Department encourage students to enter by rewarding 
success. 

The standard reached at the School, which is proved by results in 
external examinations, is approximately the standard expected of this 
type of trainee (i.e, the Technical Officer) elsewhere in the world. 


8 ULTIMATE PROSPECTS FOR TRAINEES 
The policy of any country must be to man its own essential services by 
people from that country. This training scheme is designed to provide 
sufficient numbers of highly skilled Nigerian technical officers to staff 
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the various radio and carrier stations throughout Nigeria, at present 
maintained to a large extent with an expatriate staff provided by the 
Marconi Company. 

The opportunities and prospects for students are excellent. There has 
been no other radio training in Nigeria and these students— with the 
exception of a handful of technicians who have been trained in the 
United Kingdom —are the only persons who have had formal radio 
training at this level in the country. The vacancies existing within the 
P & T Department are many. There are also opportunities for trained 
personnel in the Nigerian Broadcasting Service, Western Region Tele- 
vision and various other Government Departments and commercial 
organizations. 





A typical workshop 
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g CONCLUSIONS 

The types of training given by this scheme serve to fill the gap between 
the engineering graduate and the unskilled and semi-skilled grades. A 
well-trained cadre of local technical officers should ensure the smooth 
running of the various radio and transmission systems within Nigeria, 
providing at the same time candidates for eventual promotion to the 
higher technical posts within the Department. Future teachers for the 
Training Centre can be selected from the most suitable trainees when it 
will be possible for the expatriate staff gradually to be withdrawn. 
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Fur unsere deutschsprechenden Leser verdéffent- 
lichen wir eine kurze Abfassung in deutscher 
Sprache von den Aufsdtzen, die in dieser Ausgabe 
erscheinen. 


SEITE 2 


STANDPUNKTE 


In den 15 Jahren seit dem Ende des Zweiten 
Weltkrieges ist die Anzahl der in der Welt 
benutzten Telefone betraichtlich angestiegen. Die 
Fernsprecheinrichtungen in den meisten Landern 
haben, unterstiitzt von entsprechenden Ver- 
besserungen der internationalen und _inter- 
kontinentalen Verbindungen, ihren Anteil an 
diesem Anstieg gehabt. Trotzdem erfolgte die 
Hauptentwicklung in Nord-Amerika und in einem 
etwas geringerem Masse in Europa. Die 
Méglichkeiten in vielen anderen Teilen der Welt 
sind immer noch verhaltnismdssig begrenzt. Die 
grésser werdenden Anforderungen an den Welt- 
Fernmeldeverkehr kénnen jedoch in dem nachsten 
Jahrzehnt eine betrachtliche Steigerung erfahren. 
Wenn man die Erfahrungen mit dem _ trans- 
atlantischen Kabel als Anhaltspunkt nehmen darf, 
so kann man sagen, dass das koaxiale Kabel fiir 
das britische Commonwealth nach seiner Vollen- 
dung im Jahre 1966 eine betrachtliche Erweiterung 
des Telephonverkehrs mit sich bringen und damit 
eine Erweiterung des nationalen § Fernsprech- 
Weitverkehrs nach sich ziehen wird. 

Ein Uberblick iiber die bei der Planung und 
Ausfiihrung von grésseren Erweiterungen in 
Weitverkehrsnetzen auftretenden Faktoren kénnte 
von allgemeinem Interesse sein. Es ware jedoch 
angebrachter, diese Faktoren in Verbindung mit 
den Problemen zu betrachten, die auch dann noch 
vorhanden sind, wenn eine Erweiterung fertig- 
gestellt ist. Dies betrifft die Wartung fiir die 
Aufrechterhaltung eines leistungsfahigen Betriebes 
und die Bereitstellung einer ausreichenden Zahl 
von ausgebildeten Leuten aus der einheimischen 
Bevélkerung, falls diese nicht bereits vorhanden 
sind. Informationen iiber diesen Teil des Fern- 
meldebetriebes sind schwierig zu erhalten und wir 


waren deshalb der Ansicht, dass eine Besprechung 
der Probleme vorteilhafterweise mit der prak- 
tischen Erfahrung in  besonderen Fallen in 
Verbindung gebracht werden kann. 

Aus diesem Grunde wurde ein Heft der Point to 
Point Telecommunications zusammengestellt, in 
welchem die Probleme zusammengefasst werden, 
die bei Verbesserungen, bei der Wartung nach der 
Installation und bei der Ausbildung von lokalen 
Arbeitskraften fiir die Durchfiihrung dieser 
Arbeiten auftreten. Weiterhin sollten dabei die 
Probleme durch die Erfahrung illustriert werden, 
die in der Zeit von 1949-1960 in dem jetzigen 
Bundesstaat Nigeria gesammelt wurde. Wir 
méchten hiermit der Post- und Telegraphen- 
verwaltung fiir die Mitarbeit bei der Vorbereitung 
dieser Aufsatze und die Erlaubnis zur Veréffent- 
lichung der tatsadchlichen Ergebnisse im Betrieb 
ihres Fernmeldenetzes herzlich danken. 

Demzufolge dreht sich ein Grossteil dieser 
Besprechungen um die Errichtung eines Weit- 
verkehrsnetzes mit verhadltnismdssig geringer 
Kanalkapazitat, wobei in der Hauptsache Funk- 
verbindungen benutzt werden, die in den UKW- 
Frequenzbandern betrieben werden. Es ist jedoch 
leicht einzusehen, dass die Grundiiberlegungen 
viel weitreichender sind und auf die Planung 
grosser Anlagen mit Mikrowellengeraten fiir 
hunderte von Fernsprechkanilen oder fiir Fernseh- 
Ubertragungskandle angewandt werden kénnen. 


SEITE 4 


DIE PLANUNG EINES NATIONALEN 
FERNMELDENETZES 


von E. G. Hancock 


Dieser Aufsatz gibt einen Uberblick iiber die 
Probleme, die bei der Planung und Erstellung einer 
radikalen Erweiterung eines Weitverkehr-Fern- 
sprech- und Telegraphennetzes auftreten. Die 
Lésung dieser Probleme, wie sie von der Post- und 
Telegraphenverwaltung in Nigeria in der Zeit von 
1950-1958 angestrebt wurde, wird hier zur 
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Illustrierung der allgemeinen Diskussionspunkte 
benutzt. 

Der erste Schritt bei der Erweiterung eines 
Weitverkehrsnetzes ist die Entscheidung iiber die 
Streckenfiihrung und die bevorzugten Anschluss- 
punkte. An zweiter Stelle kommt eine Abschatzung 
der erforderlichen Kanalkapazitat in den 
verschiedenen Abschnitten des Netzes. Bei einer 
grésseren Erweiterung stehen fiir die Ausarbeitung 
dieses Planes nur sehr begrenzte statistische 
Angaben zur Verfiigung. Erfahrungen in anderen 
Landern kénnen benutzt werden, allerdings nur 
mit grosser Vorsicht. Die Art der vorzuschlagenden 
Leitungsschaltungen kann in der in Tabelle 1 
angegebenen Weise beurteilt werden. Fiir spdtere 
Erweiterungen muss eine geniigende Kanal- 
kapazitat zur Verfiigung stehen (siehe Tabelle 2). 
In diesem Zusammenhang mag erwdhnt werden, 
dass erfahrungsgemass in fast allen Fallen die 
Vorausschatzungen des durch verbesserte Einrich- 
tungen zu erwartenden Verkehrs immer zu 
vorsichtig sind. Dieser Zustand trat in Nigeria im 
Jahre 1949 ein. Die Karten 1 and 2 zeigen die 
politische Unterteilung des Landes und die kurz 
vor der geplanten Erweiterung bestehenden 
Einrichtungen. Im Jahre 1949 gab es nur zwei 
erfolgversprechende Alternativlésungen fiir eine 
Erweiterung: Oberirdische Leitungen oder UKW- 
Funkverbindungen. Ein Umbau der bestehenden 
Leitungen war nicht médglich und aus diesem 
Grunde wurde ein Neuaufbau nétig. Die richtige 
Wahl hangt von vielen Faktoren ab, wie 
Entfernung, Kanalkapazitat, Gelande usw. und 
nach eingehender Erwagung dieser Faktoren 
wurden Funkverbindungen gewdhlt. Die Plane fiir 
die in Karte 3 gezeigten und zu _ schaffenden 
Einrichtungen basierten auf der Anwendung von 
Marconi UKW-Vielkanalanlagen HM 100. 

Auf diese allgemeine Entscheidung folgte eine 
eingehendere verwaltungsmassige und technische 
Streckenplanung. Drei Vermessungstrupps wurden 
zur Bestimmung der endgiiltigen Verstarkerstellen 
eingesetzt. Die Wahl der Aufstellungsorte hing 
nicht nur von der Wellenausbreitung ab, sondern 
wurde ebenfalls unter  Beriicksichtigung der 
Zuganglichkeit, der Eignung fiir Zubringerverbin- 
dungen entlang der Strecke usw. getroffen. Die 
Vermessung fiihrte zu dem in Karte 4 gezeigten 
Netz. Fiir die Verbindung der regionalen Haupt- 
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stadte dient ein Dreiecksnetz. Zwei parallele 

Funkverbindungen, von denen eine dem Verkehr 

dient, wurden geplant. Da in vielen Fallen die 

Energie von zwei doppelten Diesel-Anlagen gelie- 

fert wird, kann ein grésserer Fehler beide Strecken 

betriebsunfahig machen. Ein Dreiecksnetz erlaubt 
in diesem Falle die Umleitung von wichtigen 

Verbindungen. 

Wahrend der Fertigstellung der Vermessungs- 
arbeiten musste ein Montageplan aufgestellt 
werden. Hierfiir gab es zwei Alternativlésungen: 
(1) Der anfangliche Einbau eines’ kleineren 

Netzabschnittes fiir die Erprobung des Systems 
bevor der gréssere Auftrag erteilt wurde. 

(2) Der Einbau einer grésseren Funkverbindung als 
erste Massnahme, wobei man sich auf den 
guten Ruf des gewahlten Herstellers verlassen 
musste. 

Unter der Voraussetzung, dass erstklassige Gerdte 
benutzt werden, hat die zweite Methode viele 
Vorteile. Der Einbau des Hauptabschnittes bringt 
eine schnelle Verbesserung an den Stellen mit 
sich, wo dies am meisten vonnéten ist und der 
erzielte wirtschaftliche Erfolg fiihrt zu einer 
Erleichterung in der Kapitalbeschaffung fiir die 
iibrigen Abschnitte. 

Nachdem der Montageplan fertiggestellt ist, 
kénnen Einzelheiten in Angriff genommen werden. 
Montagemannschaften werden fiir die ver- 
schiedenen Seiten der Montagearbeiten nach dem 
in Tabelle 3 erwahnten Plan bendtigt. 

Die bei einer radikalen Erweiterung von Fern- 
meldeeinrichtungen auftretenden Probleme sind 
vielseitig und kompliziert. Die bei verschiedenen 
Anlassen gewonnenen Erfahrungen zeigen, dass die 
Schatzung der Nachfrage fiir verbesserte Einrich- 
tungen fast stets pessimistisch ist (siehe z.B. Karte 
6, auf der die Erweiterungen im Jahre 1958 und 
1960 aufgezeichnet sind). Im Hinblick auf die 
hohen Kosten bei Veralterungen und Abschaf- 
fungen ist es ratsam, einen vollkommen aus- 
reichenden Spielraum fiir spatere Erweiterungen 
vorzusehen. Dies ist in wirtschaftlicher Hinsicht 
bei einem Funksystem im allgemeinen besser 
médglich als bei einer oberirdischen Strecken- 
fiihrung, weil bei einer richtigen Planung im 
Anfangsstadium ein  Grossteil der CKapital- 
investierung unveradndert fiir ein  vielfach 
erweitertes System benutzt werden kann. 
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SEITE 21 


DIE LEISTUNGSFAHIGKEIT UND DIE PFLEGE 
DES UKW-WEITVERKEHRSNETZES IN NIGERIA 


von L. A. Summerland 


Dieser Aufsatz behandelt die in dem UKW- 
Weitverkehrs-Funknetz in Nigeria erreichte Leis- 
tungsfahigkeit bei der Ubertragung des Fern- 
sprech- und Telegraphenverkehrs und beschreibt 
den Aufbau und die Betriebsmethoden der Organi- 
sation, die fiir die Pflege des Netzes verantwortlich 
ist. Diese Organisation (der Wartungsdienst in 
Nigeria) besteht aus einer Gruppe von Marconi 
Ingenieuren, die auf Grund eines Vertrages der 
Post- und Telegraphenverwaltung von Nigeria 
zugeteilt worden sind. Sie lenkt die Arbeiten von 
ungefahr 75 technischen Beamten und 100 anderen 
Angestellten, ist verantwortlich fiir alle Funkan- 
lagen, Tragerfrequenz-Anlagen und Tonfrequenz- 
Telegraphiegerate in diesem Netz und fiihrt 
ausgedehnte Montageaufgaben durch. 

In diesem Netz, welches eine dreieckige Linien- 
fiihrung hat (siehe Abb. 1) und eine Ausdehnung 
von ungefahr 1ooo Streckenmeilen oder 43000 
Kanalmeilen besitzt, werden Marconi UKW- 
Vielkanalgerate benutzt. Dieses System hat zwei 
parallele Funkstrecken, welche beide normaler- 
weise fiir den Verkehr benutzt werden. Bei Ausfall 
einer Funkstrecke wird der Vorrangverkehr 
aufrechterhalten, aber der normale Verkehr ist 
unterbunden. Dadurch werden erhdhte An- 
forderungen an eine schnelle Fehlerbehebung und 
wirksame Geriatepflege gestellt. 

Bemannte Uberwachungsstationen, die in Ab- 
standen iiber das Netz verteilt sind, sind fiir die 
Fehlerbehebung verantwortlich. Fiir die  Fest- 
stellung der fehlerhaften Funkstelle wird ein 
Schleifenverfahren benutzt. Viele der Verstarker- 
stellen sind jedoch dusserst unzuganglich und aus 
diesem Grunde erachtete man es als wirtschaftlich 
tragbar an einigen dieser Stellen Techniker zu 
beschaftigen, um die fiir die Fehlerbeseitigung 
bendtigte Zeit zu verringern. 

Eine Methode zur Analysierung der Fehlerbe- 
richte wurde ausgearbeitet. Die Ergebnisse werden 
wochentlich verschickt. Abb. 3 dieses Aufsatzes 
zeigt die in acht Gruppen eingeteilten und fiir jedes 
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Quartal des Jahres 1959-1960 ermittelten Durch- 
schnittswerte der wéchentlichen Unterbrechungen. 
Dabei ergibt sich die wichtige Tatsache, dass diese 
Analyse hauptsdchlich einen Verlust an normalem 
Verkehr ohne Vorrang wiedergibt. Im Jahre 1959 
war die durchschnittliche Unterbrechungszeit je 
Funkstrecke, die aus zwei Funkendstellen und bis 


zu vier Verstarkern besteht, 1,45 Stunden pro 
Woche oder 0,87%, wahrend im Jahre 1960 1,83 
Stunden pro Woche oder 1,09% _ festgestellt 
wurden. In diesen beiden Jahren war die prozen- 
tuale Zeit fiir einen vollstandigen Betriebsausfall 
einer der Funkstrecken (dh. bei gleichzeitigem 
Ausfall der beiden parallelen Funkstrecken) im 
Durchschnitt weniger als 0,1% oder 10 Minuten 
pro Woche. 

Im Jahre 1959 (siehe Tabelle 1a) machten 
Schwunderscheinungen auf der Funkstrecke und 
nicht festgestellte Fehler mehr als 30% der Feh- 
lerhaufigkeit und 23% der Ausfallzeit aus. Die 
Zahlenwerte fiir 1960 sind in Tabelle rb auf- 
gefiihrt. 

Die Ergebnisse der Analyse der einzelnen 
Funkstrecken fiir den Zeitraum 1959-1960 sind 
ebenfalls aufgefiihrt (Tabelle 2a und 2b). Dabei 
ist zu bemerken, dass die Fehlerhaufigkeit bei 
jeder Funkstrecke (Endstelle-Verstarker oder Ver- 
starker-Verstarker) im Durchschnitt weniger als 
ein Fehler in 3 Wochen Betriebszeit iiber den 
ganzen beobachteten Zeitraum betragt und dies 
trotz der relativen Kompliziertheit der Gerate und 
trotz der schwierigen natiirlichen Gegebenheiten. 

Uber die grundsatzliche Durchfiihrung der 
Pflege bestehen viele Meinungen. Der Autor 
befiirwortet eine regelmassige vorsorgliche Pflege 
als Mittel zu einer Reduzierung von Ausfallen auf 
ein Minimum. Jede der unbemannten Stationen 
wird durchschnittlich einmal in 14 Tagen besucht. 
Natiirlich wird der Pflege der Diesel-Generatoren, 
die in den meisten Stationen benutzt werden, 
besondere Aufmerksamkeit geschenkt, weil deren 
Ausfall beide Funkstrecken ausser Betrieb setzt. 

Ein Zeichen fiir den Erfolg des Pflegedienstes ist 
die Tatsache, dass die Post- und Telegraphenver- 
waltung von Nigeria um die Ubertragung der 
Verantwortlichkeit fiir die Pflege aller Ubertra- 
gungsgerate in diesem Lande gebeten hat. 
Hierunter fallen auch Tragerfrequenzgerate in 
weiteren 100 Stationen. 
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DIE AUSBILDUNG VON TECHNISCHEN 
BEAMTEN IN NIGERIA 


von F. R. J. Langridge 


Die Einfiihrung komplizierter Fernmeldeanlagen 
in Nigeria zum Aufbau eines Weitverkehrsnetzes 
fiir Telephonie und Telegraphie zeigte in klarer 
Weise den in Nigeria bestehenden Mangel an 
Ausbildungsméglichkeiten auf den Gebieten der 
Geratepflege und Geradtemontage. Die Marconi- 
Gesellschaft wurde gebeten in Nigeria eine Schule 
fiir Funk- und Ubertragungstechnik einzurichten. 
Diese Schule soll eine ausreichende Zahl voll 
ausgebildeter technischer Beamte (etwa 175-210) 
in Nigeria liefern. Diese Beamten sollen imstande 
sein, die komplizierten Funkanlagen und Funknetze 
fiir Dezimeterwellen, Meterwellen und Kurzwellen, 
sowie die verschiedenen Tragerfrequenzsysteme 
fiir Telegraphie und Telephonie in Nigeria zu 
warten. 

Eine Betrachtung des Schulwesens zeigt, dass in 
Nigeria trotz einer Bevélkerung von etwa 35 
Millionen der jahrliche Abgang von den hdheren 
Schulen mit einem Abschlusszeugnis (West Afri- 
can School Certificate) ungefahr 3200 betrdgt. 
Diese Zahl wdachst jahrlich um ungefahr 10%. 
Dieser Abgang ist deshalb von Interesse, weil die 
Lehrgangsteilnehmer fiir die Marconi-Schule aus 
der Gruppe der Leute mit diesem Abschlusszeugnis 
auserwahlt werden miissen. 

Die Marconi-Schule nimmt jahrlich 50 Schiiler 
auf. Der Kursus dauert vier Jahre. In jedem Jahr 
werden 9 Monate in der Schule verbracht und 3 
Monate dienen der praktischen Ausbildung im 
Betrieb. Der Hauptteil der theoretischen Aus- 
bildung des Kursus wird in den ersten drei Jahren 
absolviert. Der Kursus umfasst eine allgemeine 


Ausbildung in Funk- und Ubertragungstechnik und 
wird so allgemein wie méglich gehalten, damit die 
anderen Organisationen die gegebenen Méglich- 
keiten ausnutzen kénnen. Die Marconi-Schule ist 
die einzige Ausbildungsstatte fiir Funktechnik in 
diesem Lande. 

Im vierten Jahr erfolgt eine weitgehende Aus- 
bildung am Geradt und in der Technik. Das 
Verhaltnis zwischen theoretischer und praktischer 
Arbeit betragt 1:3. Die in den ersten drei Jahren 
vermittelte, feste theoretische und praktische 
Grundausbildung erméglicht es dem Lehrgangsteil- 
nehmer, Einzelheiten der verschiedenen Gerate- 
typen, die verhaltnism4ssig schnell behandelt wer- 
den, gut zu erfassen. 

Von den 50 wurspriinglich aufgenommenen 
Schiilern fallt ein gewisser Prozentsatz aus. Dieser 
Ausfall ist hauptsdchlich durch den eigenen 
Entschluss der Lehrgangsteilnehmer bedingt. Es ist 
nicht die Absicht der nigerischen Regierung, die 
Lernenden in irgendeiner Weise zu binden. Sie 
kénnen nach freiem  Entschluss mit einer 
Kiindigungsfrist von einem Monat die Schule 
verlassen. Eine Anzahl Lehrgangsteilnehmer fallt 
natiirlich durch. Es wird versucht, die Ausfalle 
wahrend des ersten Jahres durch eine sorgfaltige 
Auswahl bei den neuen Schiilern auf einem Mini- 
mum zu halten. Eine laufende Uberwachung des 
Fortschrittes der Lehrgangsteilnehmer wahrend des 
zweiten Jahres verringert die Ausfallméglichkeiten 
wahrend des dritten und vierten Jahres um ein 
Betrachtliches. 

Man erwartet, dass die ausgebildeten Nigerier, 
welche die Schule fiir Funk- und Ubertragungs- 
technik verlassen, in naher Zukunft die aus- 
landischen Beamten fiir die Wartung ersetzen und 
innerhalb weniger Jahre miisste die Anzahl der 
auslandischen Angestellten auf ein Minimum 
gesunken sein. 
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Presentamos este sumario de los articulos publica- 
dos en este numero, redactado en castellano es- 
pecialmente para nuestros lectores de _ habla 
castellana. 


PAGINA 2 


PUNTOS DE VISTA 


En los 1§ afios transcurridos desde el fin de la 
segunda guerra mundial ha habido un aumento 
considerable del nimero de teléfonos en uso por 
todo el mundo. En la mayoria de los territorios los 
medios de comunicacién han participado en este 
aumento, que ha sido apoyado por mejoras co 
rrespondientes en los enlaces internacionales e 
inter-continentales; no obstante, el mayor 
desarrollo se ha visto en Norte América y, en 
escala algo menor, en Europa. Los medios en 
muchas otras 4reas del mundo son aun relativa- 
mente bastante limitads, pero el ritmo creciente 
de las  necesidades de las comunicaciones 
mundiales bien pueden producir, en la década que 
viene, una rapida expansién de los mismos. Si es 
dable guiarse por la experiencia resultante del 
cable transatlantico, cabe suponer que el Cable 
Telefénico Coaxil de la Comunidad Britanica, que 
deber4 completarse para 1966, estimulard un gran 
aumento del trdfico telefénico, que a su vez 
favorecera la expansién de las redes nacionales de 
teléfonos a larga distancia. 

Se estimé por ello que, pese a que un escrutinio 
de los factores involucrados en la planificacién y 
éjecucién de una ampliacién mayor de comuni- 
caciones a larga distancia seria de gran interés, el 
mismo tendrfa mas valor si se lo estudiase con- 
juntamente con los problemas que persisten una 
vez instalado el sistema ampliado, vale decir, la 
mantencién del sistema en condiciones de funcio- 
namiento eficientes y el disponer de ntmeros 
suficientes de personal técnico local (si es que 
éstos faltaban anteriormente). La informacién 
acerca de estos aspectos de operacién de redes de 
comunicaciones es mas dificil obtenerla, y se pensd 
por ello que toda discusién del problema podria— 
con ventajas—realizarse en conjunto con las 
experiencias reales de casos determinados. 

Es por ésto que se ha preparado un nimero de 
Point to Point Telecommunications, donde se pasa 
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revista a los problemas presentes en la provisién de 
medios mejorados, en mantener la eficiencia una 
vez instalados, y en suministrar personal local que 
se ocupe de estas tareas, ilustrado por la ex- 
periencia lograda en la que es hoy la Federacién de 
Nigeria en el perfodo 1949-1960. Tenemos el agrado 
de reconocer la colaboracién de la Administracién 
de Correos y Telégrafos en la preparacién de estos 
articulos y su autorizacién para que publiquemos 
los resultados obtenidos en la operacién de su red 
de larga distancia. 

Como resultado de ello, gran parte de esta dis- 
cusién se ha girado en torno al establecimiento de 
facilidades sobre larga distancia con capacidad de 
canales relativamente reducida, usando el equipo 
principal de radio que opera en las bandas de muy 
altas frecuencias. Se comprendera fdcilmente que 
las consideraciones bdsicas son, empero, mucho 
mds amplias, pudiendo aplicarse a la planificacién 
de grandes sistemas basados en equipo micro-onda 
que opera con centenares de canales telefénicos o 
de television. 


PAGINA 4 


PLANIFICACION DE REDES NACIONALES 
DE TELECOMUNICACIONES 


por E. G. Hancock 


Este articulo pasa revista a los problemas que se 
presentan en la planificacién y ejecucién de una 
expansion radical de un sistema de teléfonos y 
telégrafos a larga distancia. La solucién de éstos 
problemas adoptada por la Direccién de Correos y 
Telégrafos de Nigeria, en el perfodo desde 1950 
hasta 1958, es la base empleada como ilustracién 
del tema general. 

El] primer paso consiste en determinar la ruta y 
los puntos de acceso mds convenientes para la red 
ampliada. El segundo es estimar las capacidades 
necesarias para los diversos tramos del sistema. Si 
la ampliacié6n ha de ser muy considerable, las 
estadisticas sobre las cuales se preparard el plano 
bien pueden ser muy limitadas. Puede recurrirse a 
las experiencias de otros pafses, pero usdndolas 
con cautela. La naturaleza de los circuitos 
proyectados deberd avaluarse de la manera que 
indica la Tabla I. Se debe asignar una capacidad 
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suficiente para futuras expansiones (Ver Tabla II), 

y al respecto la experiencia indica que los cdlculos 

son casi siempre demasiado cautos en su predi- 

ccién de la cantidad de trdfico que los medios 
mejorados han de atraer. 

Una situacién comparable se habia creado en 
Nigeria, llegado el afio 1949, y en los mapas 1 y 2 
pueden apreciarse la divisiédn politica y los medios 
existentes justamente antes de las amplificaciones 
proyectadas. En 1949 habfan sdlo dos alternativas 
eficaces para un sistema ampliado: las lineas 
al4mbricas descubiertas o los equipos de MAF. La 
elecciédn acertada dependia de muchos factores, 
tales como la distancia, la capacidad de los canales, 
el aspecto fisico, etc, y luego de considerarse en 
detalle estos factores, se adoptéd la solucién 
ofrecida por la radio, haciéndose los planos que 
habfan de dar los medios ilustrados en el mapa 3 
en base al equipo multicanal a MAF tipo HM 100 
de la Marconi. 

Esta decisién en lineas generales fué seguida por 
un reconocimiento mas detallado, administrativo y 
de la ruta ffsica. Se establecieron tres equipos de 
reconocimiento, para determinar la_ ubicacién 
definitiva de las estaciones repetidoras; éstos 
debieron regirse no solamente por los factores de 
propagacién, sino que ademas hubieron de tener 
en cuenta la facilidad de acceso, la conveniencia 
para el acceso de comunicaciones intermedias, etc. 
El programa derivado del reconocimiento es el 
sistema ilustrado en el mapa 4. Se emplea un 
sistema triangular para enlazar a las capitales 
regionales; se proyectaron dos sendas de radio en 
paralelo, cada una de ellas portadora de trdfico. 
Dado que en muchos casos la energia eléctrica 
provenfa de grupos generadores diesel de doble 
propésito, una falla de importancia podfa dejar 
fuera de servicio a ambas sendas. En tal eventuali- 
dad, el sistema triangular permitirfa desviar al 
tr4fico mds importante. 

Mientras se esta completando el reconocimiento, 
es preciso establecer un plan de _ instalaciones. 
Para ello hay dos posibilidades: 

(1) Instalar una pequefia secciédn como prueba del 
sistema antes de proseguir con el resto de la 
instalacién. 

(2) Instalar en un primer momento un enlace 
importante, en dependencia del prestigio del 
fabricante de los equipos. 
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Siempre que se utilice equipo de marca, la segunda 
alternativa ofrece muchas ventajas. Con ella, la 
instalacién de una seccién principal producird una 
r4pida mejora donde mas se la precisa, y su éxito 
econémico tendera a facilitar la capitalizacién de 
las demds secciones. 

Una vez determinado el plan de instalaciones, 
pueden tomarse las medidas de detalle. Se 
precisar4n equipos de _ instaladores para las 
diversas etapas de las obras de montaje, como se 
ilustra en la Tabla III. 

Los problemas asociados a una ampliacién 
radical de los medios de comunicacién son 
numerosos y complejos. La experiencia ganada en 
muchos casos diferentes sugiere que el cdlculo de 
la demanda por servicios mejorados es general- 
mente un prondstico pesimista (véase por ejemplo 
el Mapa 6, que muestra la expansién entre 1958 y 
1960), y visto el elevado costo de reemplazo por 
equipos nuevos 6 por’ modificaciones, es 
aconsejable dejar un margen bien holgado para 
futuras ampliaciones. El mismo generalmente se 
provee mds econémicamente en sistemas de radio 
que en lineas alambricas, puesto que con una 
correcta planificacién inicial, gran parte de la 
inversién capital original puede emplearse sin 
cambios para un sistema mucho mayor. 


PAGINA 21 


RENDIMIENTO Y MANTENCION DE LA RED 
DE MAF A LARGA DISTANCIA EN NIGERIA 


por L. A. Summerland 


Este articulo trata el rendimiento logrado en la 
red de radiocomunicaciones a larga distancia en 
MAF de Nigeria, portadora de trdfico telefénico y 
telegrafico, y describe la estructura y los métodos 
de operacién de la organizacién encargada de la 
red antedicha. Esta organizacién (Servicio de 
Mantencién de Nigeria) consiste de un grupo de 
ingenieros de la Marconi, prestados bajo contrato 
a la Administracién de Correos y Telégrafos de 
Nigeria. La misma controla las actividades de unos 
75 técnicos especializados y 100 auxiliares, tiene 
responsabilidad por todos los equipos de radio, 
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portadoras y VIF (telefonia vocal) de la red, 
realizando ademas tareas de instalacién de 
envergadura. 

Se emplean equipos Marconi, multicanales y de 
MAF en la red, cuya disposicién es triangular (ver 
Fig.1), extendiéndose sobre unas 1.000 milas de 
ruta O sea 43.000 millas de canales. En el sistema 
hay dos sendas de radio paralelas, usandose ambas 
normalmente para el trafico. Al manifestarse una 
falla en una de las sendas, se mantiene el servicio 
para trafico de prioridad, aunque el trdafico 
secundario se pierde. Ello aumenta la necesidad de 
procedimientos correctores de fallas de accién 
r4pida, como de la mantencidén efectiva. 

A intervalos por toda la ruta hay estaciones de 
control con personal, las que tienen a su cargo la 
vigilancia de las fallas. Se usan procedimientos de 
‘loop-round’ para localizar a la estacién de- 
fectuosa cuando la misma es sin personal. No 
obstante, muchas de las estaciones repetidoras son 
de muy dificil acceso, por lo que se ha com- 
probado que vale la pena dotar a algunas de ellas 
con objeto de reducir el tiempo insumido en 
corregir las fallas. 

Se ha establecido una rutina para analizar los 
datos sobre fallas, publicandose semanalmente sus 
resultados. La Fig.z del articulo permite ver el 
tiempo perdido por semana, subdividido en ocho 
categorias y tomado como promedio de cada 
trimestre de 1959 y 1960. Es importante notar que 
este andlisis refleja principalmente las pérdidas de 
tréfico secundario. Durante 1959 el tiempo 
promedio perdido por senda de enlace—consistente 
en dos terminales y hasta cuatro repetidoras—fué 
de 1,45 horas por semana, 6 un 0,87%, y en 1960 
fué de 1,83 horas 6 un 1,09%. Sobre estos dos afios 
el porcentaje de tiempo en que uno cualquiera de 
los enlaces estuvo completamente fuera de servicio 
(afectadas simult4neamente las dos _ sendas 
paralelas) did un promedio inferior a 0,1%, o sean 
10 minutos por semana. 

Durante 1959 (ver Tabla 1a), los des- 
vanecimientos en la senda de radio y las fallas 
sin localizar justificaron mds del 30% del nimero 
de fallas y un 23% del tiempo perdido. Las cifras 
para el afio 1960 aparecen en la Tabla 1b. 

También se suministran los resultados de un 
andlisis para cada enlace (Tablas 2a y 2b). Cabe 
notar que cada paso de radio (de terminal a 


repetidora o de repetidora a terminal) tuvo un 
promedio inferior a una falla por tres semanas de 
funcionamiento en todo el perfodo en revista, pese 
a la complejidad relativa de los equipos y a las 
dificiles condiciones fifsicas. 

Aunque hay varias formas de opinar sobre la 
manera fundamental de encarar la mantencidn, el 
autor pone su fé en la mantencidén preventiva 
regular como medio de reducir las fallas al 
minimo; se visita a cada estacién sin personal a 
intervalos que promedian en una vez por quincena. 
La mantencién de los equipos generadors diesel 
empleados en casi todas las estaciones merece 
naturalmente especial atencién, puesto que su 
averia deja fuera de servicio a las dos sendas de 
radio. 

Una indicacién del éxito alcanzado por el 
Servicio de Mantencién emana del hecho que la 
Administracién de CC y TT de Nigeria ha 
solicitado que el mismo se haga cargo de la 
mantencién de todos los equipos transmisores del 
pais. Ello involucra a equipos portadores de otras 
100 estaciones mas. 


PAGINA 40 


ENSENANZA DE FUNCIONARIOS TECNICOS 
EN NIGERIA 


por F. R. J. Langridge 


Con la llegada en Nigeria de equipos de comuni- 
caciones complejos, para desarrollar la red de telé- 
fonos y telégrafos a larga distancia del pafs, se pudo 
apreciar la falta de posibilidades para la ensefianza 
del personal local en las tareas de mantenimiento 
é instalacién de dichos equipos de comunicaciones 
en el territorio del pafs. Se pidiéd a la Compaiifa 
Marconi que estableciese una Escuela de Radio y 
Transmisi6n en Nigeria, apta para producir un 
caudal suficiente de funcionarios técnicos locales 
(unos 175 4 210) que fuesen habilitados para el 
mantenimiento de los sistemas y las redes de FUE, 
MAF y AF, como asimismo de los diversos sistemas 
portadores telegraficos y telefénicos de Nigeria. 
Una investigacién del sistema de educacién 
revela que pese a que la poblacién de Nigeria 
alcanza a los 35 millones, el nimero de los 
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diplomados de colegios secundarios africanos es 
de unos 3.200. Este numero esta creciendo a razén 
de aproximadamente 10% al afio. Esta cifra es de 
interés, dado que los estudiantes del Colegio 
Marconi deben seleccionarse de entre los diplo- 
mados secundarios. 

El Colegio Marconi recibe anualmente 50 
estudiantes. El curso tiene una duracién de cuatro 
afios; éste consiste de nueve meses en el Colegio 
y tres meses de ensefianza practica cada afio. La 
parte tedrica principal del curso queda completada 
durante los tres primeros afios. El curso esta 
dedicado a la ensefianza general de radio y trans- 
misién y sus 4mbitos son lo mas extenso posible 
para permitir que otras organizaciones puedan 
servirse de las facilidades ofrecidas, puesto que el 
Colegio Marconi es la tinica escuela de radio del 
pais. 

Durante el cuarto aiio se realiza una amplia 
ensefianza de los equipos y las técnicas, con una 
proporcién de teoria y trabajos practicos de 1:3. 
Las sélidas bases tedricas y practicas brindadas al 
estudiante en sus tres primeros afios le permiten 


asimilar detalles de los diversos tipos de equipo, 
que deben estudiarse de forma relativamente rdpida. 

La inscripcién de 50 estudiantes en cada curso 
sufre luego ciertas pérdidas, que se deben mayor- 
mente a renuncias por parte de los estudiantes. No 
es politica del Gobierno de Nigeria atar a los 
aprendices de forma alguna, con lo que tienen 
completa libertad de retirarse cuando asi lo desean, 
dando un mes de preaviso. Cierto nimero de 
estudiantes fracasa, pero se busca, mediante una 
cuidadosa seleccién de los nuevos estudiantes, de 
mantener a un minimo el nimero de los que 
fracasan durante su primer afo. La vigilancia 
constante del progreso alcanzado por los alumnos 
en su segundo afo reducird notablemente la 
posibilidad de que ocurran fracasos durante los 
afios tercero y cuarto. 

Se prevé que en un futuro cercano los técnicos 
locales que van saliendo del Colegio de Radio y 
Transmisién iran reemplazando a los técnicos de 
mantencién britdnicos, y dentro de pocos ajios el 
total de éstos ultimos habra debido reducirse a un 
minimo. 
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MARCONI 





UTOPLEX 


Automatic 
Error 
Detection 
and 
Correction 


TESTED RQ 

Each repetition cycle is inspected 
for the RQ signal and if this is 
not recognised the repetition is 
ignored and requested again. 
This prevents recep:ion of false 
information during repetitions. 


AUTO-PHASING 

Automatic phase detection and 
correction to ‘tested RQ’ condi- 
tion on all channels. 
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seven unit code system 


TRAFFIC STORE 

Characters stored in channel 
stores as opposed to common 
store. Capacity two, three or four 
characters selectable, permitting 
operation over long and short 
circuits. 

CONTINUOUS IDLE ALPHA 
and Idle Beta facility for initial 
testing and setting up. 


SYNCHRONISING 
Synchronising by 1% steps exam- 
ining every transition. The circuit 
incorporates an integrator to pre- 
vent spurious operation due to 
multipath. Small synchronising 
steps result in excellent margins. 
For one-way circuits, error indi- 
cation provided as alternative to 
ARQ. 


Two-channel or four-channel 
operation by switch selection. 


Single alpha rejection protects 
against false telex ‘clear’. 


Coder and Decoder all decode/ 
recode type and entirely passive 
networks. 


Liberal test points permit every 
circuit to be examined in traffic 
conditions. 





Frequency Division by counters 
provides 86, 96 and 100 bauds. 


AUTOPLEX + »=~ wore in communications 


MARCONI’S WIRELESS TELEGRAPH COMPANY LIMITED, CHELMSFORD, ESSEX, ENGLAND 
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A.T.E. 
TRANSMISSION EQUIPMENT 


TYPE GM 

FOR RADIO, LINE 
AND GABLE 
CARRIER SYSTEMS 


* Fully transistorised, mains or 
station battery operation. 

* Optional inbuilt out-band 3825c/s 
signalling, ring down or dialling. 

%® New racksides of high equipment 


capacity within conventional rack 
dimensions. 


* Readily installed and extended with 
minimum station cabling. 


* Compact, reliable, versatile. 


Write for further information to:— 
AUTOMATIC TELEPHONE 
& ELECTRIC CO. LTD. 


Strowger House, Arundel St., 
London, W.C.2. 


*Phone: Temple Bar 9262 
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BIC Construction Company 
design, supply and install all 
types of Radio Masts and 
Towers for Telecommunication 
Schemes anywhere in the World. 









Current work for Marconi’s 
includes television masts 1,000 
feet high for Carlisle 
and Blackhill (near Glasgow), 
and many masts and 
towers for export. 


MASTS & TOWERS 


for every type of Telecommunication System 


BRITISH INSULATED CALLENDER’S 
CONSTRUCTION COMPANY LIMITED 


30 LEICESTER SQUARE - LONDON WC2 


Member of the Group 
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MARCONI 


BETTER LOW POWER 
COMMUNICATIONS 












EFFICIENT 
RELIABLE 
SIMPLE 
LOW COST 
ECONOMICAL 
COMPACT 

FOOL PROOF 
TROPICALIZED 


* 


* 
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i € HS 92 400-500 WATT HF FSK TRANSMITTER 


For high grade circuits over short and medium 
distances. HS 92 can be used for facsimile or 
high speed telegraphy and can be keyed directly 
by a teleprinter or teletypewriter. Absolutely 
simple with completely protected tuning. 
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4@ HSR 21 60 WATT HF SSB CRYSTAL 
CONTROLLED RADIO TELEPHONE 


For short and medium distances. 
The HSR 21 can incorporate a 
switchboard for up to three tele- 
phone extensions. Designed for op- 
eration by non-technical personnel. 





HS 22 
250-350 WATT ISB TRANSMITTER > 


For middle distance telephone 
operation. The HS 22 provides 
two independent telephone chan- 
nels. Absolutely simple with 
completely protected tuning. 


MARCONI 


COMPLETE COMMUNICATIONS SYSTEMS 
SURVEYED * PLANNED ~« INSTALLED + MAINTAINED 


MARCONI’S WIRELESS TELEGRAPH COMPANY 
LIMITED - CHELMSFORD - ESSEX - ENGLAND 





VIll POINT TO POINT TELECOMMUNICATIONS - JUNE I96I1 


THE BEST DUAL-TRAGE BU 


10 Me 
OSCILLOSCOPE 


£390 


@ D.C. to 15 Mc/s, twin Y-inputs, 
with 50 mV/cm sensitivity 

@ 0-02 usec/cm to I sec/cm writing 
speed 

@ Rise time 25 musec; scale discrimi- 
nation, 10 musec/cm 

@ Choice of alternating or chopped 
display 


@ Built-in differential amplifier 
e 2 a of i The price of the TF1331 is well below that of any dual-trace 
2%, measuring accuracy On VOMAge oscilloscope of comparable specification. A quality general- 
ane Cane Purpose instrument, it incorporates the high accuracy voltage and 
@ Less than 2 musec delay between time measuring methods standard with Marconi oscilloscopes. 
channels ; Two switch-selected D.C. coupled inputs are provided, each 
@ Can also be switched to single-beam with its own coupling, caneleiey and shift controls, together 
ion with a polarity reversing switch. e channels can be ‘displayed 
either on alternate sweeps or at a switching rate of 250 kc/s. 


MARC 0 ong t The built-in differential amplifier is particularly useful for 
standardising or comparing ype wg for s measuring phase 
een pulse trains in tion systems 

INSTRUMENTS Suu. P 


THE INTERNATIONAL CHOICE FOR ELECTRONIC MEASUREMENT 


AM & FM SIGNAL GENERATORS - AUDIO & VIDEO OSCILLATORS - FREQUENCY METERS - VOLTMETERS - POWER METERS - DISTORTION 
METERS - TRANSMISSION MONITORS - DEVIATION METERS - OSCILLOSCOPES, SPECTRUM & RESPONSE ANALYSERS - Q METERS & BRIDGES 





London and the South : | Midlands : North : 
English Electric House, Strand, W.C.2 Marconi House, 24 The Parade, Leamington Spa 23/25 Station Square, Harrogate 
Telephone: COVent Garden 1234 Telephone: 1408 Telephone: 67455 


Export Department: Marconi Instruments Ltd., St. Albans, Herts, England. Telephone: St. Albans 59292 
REPRESENTATION IN G8 COUNTRIES 
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